Small-scale maps currently used are made by scanning and editing printed maps and its shortcoming is accumulated errors at the time of editing and low accuracy. TM projection method is used but its accuracy varies. In addition, small-scale maps are made without consideration of usability and compatibility with other scale maps. Therefore, it is necessary to suggest projection and coordinates system improvement methods in consideration of usability and compatibility between data. The results of this study reveal that in order to make the optimum small-scale map, projection that fits the purpose of map usage in each scale, coordinate system and neat line composition should be selected in consideration of interrelation and compatibility with other maps. Conic projection should be used to accurately illustrate the entire country, but considering usability and compatibility with other maps, traversing cylindrical projection should be used instead of conic projection. For coordinates system of the small-scale map, Universal Transverse Mercator (UTM-K) based on the World Geodetic System should be used instead of conventional longitude and latitude coordinate system or Transverse Mercator.
Introduction
The purpose of this study is to suggest projection and coordinate system improvement methods in order to increase accuracy and usability of the small-scale map. To make an accurate small-scale map, this study presents enhancement methods of project and coordinate system conventionally in use, and a way to apply the optimum coordinate system in consideration of usability for users and compatibility between data.
In general, maps are classified by small-scale maps and large-scale maps based on 1/100,000 scale. Small-scale maps issued by NGII are 1/250,000-scale topographic map, 1/1,000,000-scale complete map of Korea, 1/3,000,000-scale adjacent map of Korea, 1/33,000,000-scale world map.
Coordinate system currently used in small-scale maps uses TM projection and Transverse Mercator. According to the revision document in 2000, suggesting enhancement of small and medium-scale map projection, it is presented that 1/250,000-scale topographic map shall use TM projection and Lambert projection together, while 1/1,000,000-scale complete map of Korea shall use Lambert Projection. In 2012, projection and coordinate system was refined by small-scale map elegance promotion project. However, no discussion has been made on accurate projection and coordinate system of small-scale maps. Globally, the trend of converting into Transverse Mercator as the universal system has shown more clearly, but Transverse Mercator of the general map used for making the National Base Map and the thematic map is bi-furcated, making it difficult to control the national spatial information at the national-level, while deteriorating efficiency of exchange cost for inter-agency information sharing and usability in work.
In this regard, this study aims to research an enhancement method for the optimum coordinate system and projection to promote efficient building of small-scale maps and to increase its usability.
To present an enhancement method for the accurate and highly usable small-scale maps, an analysis is made on the projection and coordinate system used to make a similarscale map to small-scale maps of Korea in the country with a similar topography to Korea or the country located at the similar latitude to Korea. Based on the analysis results, problems of the conventional small-scale maps are derived and the optimum method generated from enhancement of coordinate system projection and neat line composition is presented to increase accuracy and usability. To suggest an application method, accuracy per projection -cylindrical projection, conic projection or planar projection -is analyzed, and distortion quantity by Tissot s indicatrix in accordance with scale factor in the cylindrical projection is also analyzed to select projection and coordinate system appropriate for small-scale maps.
Small-Scale Map Coordinate System
Status and Enhancement Method 2.1 Analysis of coordinate system in small-scale maps
To deduct problems of coordinate system and projection in small-scale maps, 1/250,000-scale topographic map and Regulations by refining projection and coordinate system through the small-scale map elegance promotion project, and Table 1 shows the defined coordinate system and projection of small-scale maps per scale.
In the case of the topographic map, the scale factor of 0.9996 is used for TM projection to allow output that fits the printing paper, but in such a case, a distortion may occur depending on scale factors. Due to limitation in the printing paper, a way to change the scale to 1/1,200,000 was studied for the complete map of Korea, but under the current regulation, the scale factor is changed to 0.9600 to create 1/1,000,000-scale complete map of Korea, which may generate distortion quantity. In addition, when Dokdo Island and Ieodo Island is included in the illustration range of the complete map of Korea, conic projection should be considered, instead of TM projection more appropriate for the shape stretching out south to north. Therefore, it is necessary to present the most appropriate projection and coordinate system for small-scale maps.
For overseas coordinate system of small-scale maps, the coordinate system and projection currently used in the US, UK, China, Japan, Germany, Australia, Europe and other major countries in the world are investigated and analyzed.
Most of countries are using various kinds of coordinate system and map projection depending on the regional characteristics and the scale of the map. Table 2 , TM projection can be used to make the physical map in more than 1/500,000 scale, the hydrographic map in more than 1/50,000 scale and the aeronautical map in 1/250,000 scale, while Lambert conformal conic projection can be used to make the physical map in less than 1/1,000,000 scale and the aeronautical map in less than 1/500,000 scale.
A specific projection can be applied to the map depending on its purpose and such a map includes the aeronautical map, marine map and statistical map. 
Accurate Evaluation of Projection
The most scientific method to evaluate accuracy of each projection is to use Tissot s indicatrix developed by Nicholas Auguste Tissot, a French mathematician. In Tissot s indicatrix, as shown in Fig. 1 (Slocum et al., 2009) , an infinitesimal unit circle is illustrated and projected around the point where the latitude and the longitude meets and distortions appeared on the circle are illustrated. That is, it visualizes the characteristic of projection through spatial distribution of distortions.
Projection Scale Type

TM Projection
More than 1/500,000 Physical Map
More than 1/50,000 Hydrographic Map 1/250,000 Aeronautical map
Lambert Conformal Conic Projection
Less than 1/million Physical Map
Less than 1/500000 Aeronautical map Table 2 . Projection application range per scale
According to Lee and Cho (2012) , the projection distortion analysis is divided into the analysis of infinitesimal scale and that of infinite scale . The analysis of infinitesimal scale is based on Tissot s indicatrix, in which distortion trends appear in the infinitesimally small area, while the analysis of infinite scale illustrates substantive distortions actually generated on the map. The analysis of infinitesimal scale is mainly used because Tissot s indicatrix is the most-widely used conceptual tool for map distortions, and because it has a lot of advantages in terms of practicability with the widely known calculation formula for most of projection (Laskowski, 1989; Snyder, 1987; Bugayevskiy and Snyder, 1995) .
In particular, when the local distortion is calculated for each projection by the map attribute, such as an angle (shape), area, and scale (distance), it is possible to view their spatial distribution or calculate distortions of the entire area, which allows relative comparison between different projections.
Canters states that distortions identifiable at the local level based on Tissot s indicatrix are three; angle, area and scale (Canters and Decleir, 1989; Canters, 2002) . these two parameters, it is possible to find the local distortion index on angle, area and scale (Canters and Decleir, 1989) .
Here, p, q, r is binominal parameter, and the detailed Canters and Decleir (1989) . S indicates the overall map ar integral calculus on the distortion calculated by m-number find out its average, we can figure out the global distortion which brings the following formula (Canters and Decleir, 1989 
Here, 2 indicates the maximum angle distortion, and indicates the area distortion. Eq. (3) is the most widely used scale distortion index, and it is designed to consider the scale distortion of both directions of the major and minor axes (Canters and Decleir, 1989 ). If we make the isarithmic map by calculating such values in all points, we can effectively illustrate spatial distribution of distortions for angles and areas per projection methods. Laskowski (1997a Laskowski ( , 1997b defines such indexes in a slightly different method; he presents a/b -1 for the shape distortion index and ab-1 for the area distortion index, while maintaining the scale distortion index the same. However, the mentioned formula is altered when the parameter h and the parameter k , representing the scale factor on the longitude line and that on the latitude line respectively, are given (Canters and Decleir, 1989; Čapek, 2001) . It is essential to have a new formula when the longitude line and the latitude line in projection do not orthogonally come across.
Here, p, q, r is binominal parameter, and the detailed defi Canters and Decleir (1989) . S indicates the overall map area integral calculus on the distortion calculated by m-number of find out its average, we can figure out the global distortion fo which brings the following formula (Canters and Decleir, 1989 ). Outlier Criteria , which is a method to calculate the area ratio of the zone that both area and angle do not exceed the maximum acceptance distortion (Canters et al., 2005) .
Based on the local area distortion on areas and angles, Čapek Flex Project Software that they made.
In illustrating distortions by the scale factor, SF (scale factor) indicates the value generated by dividing the scale of the planar map by the scale of the globe, and the following is the formula.
Here, p, q, r is binominal parameter, and the detailed definition ref Canters and Decleir (1989) . S indicates the overall map area (area). If integral calculus on the distortion calculated by m-number of grid poin find out its average, we can figure out the global distortion for each el which brings the following formula (Canters and Decleir, 1989) .
Here, RF (reference fraction) is the principle scale, simply representing a fraction or a ratio. For example, if the scale factor (SF) is 2.0, it means that the actual scale is twice as much as the reference scale on the globe.
SF in the large-scale map slightly alters around 1 depending on the position. For example, for the longitude 6 zone in the large-scale map using UTM projection, SF alters from 0.99960 to 1.00158.
When illustrating the distortion generated by such scale factor (SF), the standard line is the reference line of map weighted mean error in the overall scale distortion, D ab and the following indicates the formula (Canters and Decleir, 1989; Canters, 2002) .
Here, p, q, r is binominal parameter, and the detailed definition refers to Canters and Decleir (1989) . S indicates the overall map area (area). If we do integral calculus on the distortion calculated by m-number of grid point and find out its average, we can figure out the global distortion for each element, which brings the following formula (Canters and Decleir, 1989) .
(6)
(9)
  arcsin     
(1)
Here, indicates the distance on the latitude between grid points, while indicates the distance on the longitude between grid points. Paying attention to the fact that the focus of distortion does not concentrate on the entire globe but on the land area, Canters additionally defines the distortion index, calculated only for the land area; D anc , D arc , D abc (Canters and Decleir, 1989; Canters, 2002) Canters (2002), instead of applying a specific calculation to the previously mentioned three global distortion indexes, believed that the scale distortion index can be used as the projections. The longitude line (meridian), the latitude line or the equator is used for the standard line and no distortion is generated along the standard line. That is, a=b, S=1.0, 2 =0 .
However, in other points that the reference line, Scale Factor changes.
Application and Analysis
Selection and analysis of application subject
To suggest a method of making accurate and highly projections are used to project the application subject.
As shown in Fig. 3 , in the cylindrical projection, the cylindrical surface touches the ellipsoid surface for projection. In this case, no distortion is generated on the central meridian that the cylinder touches the earth ellipsoid, but more distortion is found further away from the central meridian. Therefore, this projection is appropriate for regions stretching out north to south as in the case of Korea, but on the other hand, it generates distortion around projection axis and in area.
Planar projection, as shown in Fig. 4 , generates distortions under accurate azimuth. It is symmetric based on projection center but distortion is generated further away from the projection center. Direction or azimuth between two points is inaccurate and distortion is found in area.
Conic projection, as shown in Fig. 5, maintains conformality. This projection is appropriate for mid-latitudes and regions stretching out north to south. However, distortion is generated around north and south of the projection axis; latitude lines except for the projection axis are curves;
and discrepancy is generated with surrounding areas in overlaying.
Compromise projections, as shown in Fig. 6 , shows less area distortion than isometric projection and less shape distortion than static distortion. This projection is appropriate for 38 To analyze distortion of the shape of the Korean peninsular by projections, the scale factor by projections is compared and analyzed. For this analysis, the section is assigned as shown in Table 3 to include the entire territory of the Korean peninsular based on 127 30 longitude and 38 latitude, the projection origin of universal transverse Mercator.
When the scale factor of 0.9996 is applied to TM projection, it is possible to use various kinds of data and DB consecutively using the universal transverse Mercator announced by the NGII, but it is impossible to print out the map in the conventional printing paper.
When the scale factor of 0.9600 is applied to TM projection, grid north and true north is matched by properly altering the scale factor; printing output is feasible; and a balanced scale factor is used between the origin and the top/bottom Distortion quantity by scale factors in TM projection is analyzed by latitude. As shown in Table 5 and Table 6 , an average distortion of 42.647m is generated when the current UTM scale factor of 0.9996 is used, with about 0.0384% of distortion ratio. When the scale factor is altered to 0.9600, an average of 4,438.240m distortion is generated with about 3.9985% of distortion ratio.
After reviewing Tissot s indicatrix, it is found that the Therefore, to illustrate more precise position, angles in the degree unit should be more minutely divided.
Universal planar coordinate system has the unified position shape of ellipsoid does not change considerably in the local area as shown in Fig. 9 and Looking at the change in Tissot s Indicatrix, a touchstone for displaying shape distortions in projections, almost no changes are found by the change of scale factor, as shown in Table 8 . It is possible to use Transverse Mercator in the National Base Map, including 1/1,000, 1/5,000, 1/25,000 and 1/50,000
scale, but due to 4 origin points, a sectional discontinuous map is generated by each origin point, leading to discrepancy in adjacent areas.
Compared to longitude and latitude coordinate system, UTM coordinate system allows calculating the distance on drawings using Pythagorean theorem more easily. On the equator, the west boundary of UTM zone is 167,000m and the east boundary is 833,000m, but the boundary differs when the zone goes to south and north.
Conclusion
In this study, projection and coordinate system enhancement for small-scale maps in consideration of usability and compatibility is studied and the following conclusions are drawn.
First, to make the optimum small-scale map in consideration of interrelation and compatibility with other maps, projections, coordinate systems and neat line should be refined to fit the purpose of maps by scales.
Second, when it comes to projections for small-scale maps, conic projection, a method appropriate for regions stretching out east and west, may bring out more accurate illustration than traversing cylindrical projection, a method appropriate for regions stretching out south and north, in the case of including Dokdo Island. However, considering unity and interrelation with maps in other scales, traversing cylindrical projection should be applied instead of conic projection.
Third, as for coordinate system of small-scale maps, instead of the conventional longitude/latitude coordinate system or Transverse Mercator, the World Geodetic System-based Universal Transverse Mercator should be used in consideration of unity and interrelation of maps.
In addition, to accurately illustrate the shape of the entire country including Ieodo Island, the scale should be altered to 1/1,200,000 for map-making, considering the size of printing paper.
In the future, it is necessary to conduct a profound study on how to illustrate landforms and geographic features on the map with consideration of readability and visibility, in order to increase utilization of small-scale maps.
